In mammals, the suprachiasmatic nucleus (SCN) is the location of a master circadian pacemaker. It receives photic signals from the environment via the retinal hypothalamic tract, which play a key role in synchronizing the body's endogenously generated circadian rhythms with the 24-h rhythm of the environment. Therefore, it is plausible that age-related changes within the SCN contribute to the etiology of perturbed activityrest cycles that become prevalent in humans during aging. To test this hypothesis, we used gene arrays and quantitative RT-PCR to profile age-related gene expression changes within the SCN of male rhesus macaques -a pragmatic translational animal model of human aging, which similarly displays an age-related attenuation of daytime activity levels. As expected, the SCN showed high expression of arginine vasopressin, vasoactive intestinal polypeptide, calbindin and nuclear receptor subfamily 1, group D, member 1 (NR1D1) (also known as reverse strand of ERBA (REV-ERBα), both at the mRNA and protein level. However, no obvious difference was detected between the SCNs of young (7-12 years) and old animals (21-26 years), in terms of the expression of core clock genes or genes associated with SCN signaling and neurotransmission. These data demonstrate the resilience of the primate SCN to normal aging, at least at the transcriptional level and, at least in males, suggest that age-related disruption of activity-rest cycles in humans may instead stem from changes within other components of the circadian system, such as desynchronization of subordinate oscillators in other parts of the body.
Introduction
The suprachiasmatic nucleus (SCN) of the hypothalamus comprises a heterogeneous population of neuropeptidergic neurons, which play a key role in the circadian organization of many physiological and behavioral rhythms (Hastings et al. 2003 , Maywood et al. 2007 , Urbanski 2011 , Saper 2013 , Bailey & Silver 2014 . The core clock mechanism of the SCN is synchronized with the environment via inputs from the retinohypothalamic tract, as well as intra-SCN signaling involving vasoactive intestinal polypeptide (VIP) in the ventrolateral core and arginine vasopressin (AVP) in the dorsal part of the SCN shell. Gamma-aminobutyric acid (GABA), which is expressed in all SCN neurons, and diffusible factors such as prokineticin 2 (PK2) in the SCN shell and calbindin (CALB) in a sub-region of the SCN, also play a role in maintaining the integrity of circadian clock and in relaying circadian information to the rest of the body (Gao et al. 1995 , Abrahamson & Moore 2001 , Ziegler et al. 2002 , Hamada et al. 2003 , Aton et al. 2006 , Maywood et al. 2006 , Cayetanot et al. 2007 , Irwin & Allen 2009 , 2013 , Burton et al. 2016 . Although the total number of neurons in the SCN does not change significantly with age (Sartin & Lamperti 1985 , Roberts et al. 2012 , Engelberth et al. 2014 , there is evidence for a decline in the daily multiunit neural activity rhythm of the SCN (Nakamura et al. 2011) , and for some of the SCN neuropetides to show an age-related decrease in expression (Hofman & Swaab 1994 , Hofman et al. 1996 , Harper et al. 2008 . Additionally, there have been reports of a temporal shift and decrease in VIP and AVP expression in the SCN of rodents and the mouse lemur, a short-lived nocturnal primate species (Roozendaal et al. 1987 , Chee et al. 1988 , Kawakami et al. 1997 , Cayetanot et al. 2005 , Aujard et al. 2006 . Furthermore, there is evidence to suggest that the core clock rhythm and internal synchrony of the SCN may change during aging (Weinert 2000 , Weinert et al. 2001 , Kolker et al. 2003 , Nakamura et al. 2011 , Farajnia et al. 2012 , Bailey & Silver 2014 . Taken together, there is much evidence to suggest that the SCN of humans undergoes significant molecular or physiological changes during aging, which could contribute to the development of age-associated disorders in the elderly, such as perturbed activity-rest cycles. On the other hand, comprehensive gene expression profiling of the human SCN has been impossible to perform, given the difficulty in obtaining human brain tissue without a significant postmortem interval and variable degradation of mRNA. Therefore, in the present study, we used the rhesus macaque as a pragmatic translational animal model for human aging. Our goal was to characterize the neuronal organization of the primate SCN and to determine whether significant age-related changes occur at the gene expression level.
Materials and methods

Animals
The study was performed on postmortem tissue obtained from 35 rhesus macaques (Macaca mulatta), which had been cared for by the Division of Comparative Medicine at the Oregon National Primate Research Center in accordance with the National Research Council's Guide for the Care and Use of Laboratory Animals, and initially used in unrelated studies that were approved by the Institutional Animal Care and Use Committee. The animals were housed indoors under controlled environmental conditions: 24°C temperature; 12-hour light, 12-hour darkness photoperiods with lights on at 700 h; regular meals at ~800 h and ~1500 h (zeitgeber time (ZT)1 and ZT8, respectively). The animals were fed a High-Protein Monkey Chow (LabDiet, Inc., St. Louis, MO, USA) supplemented with fruit, vegetables and candy; fresh drinking water was available ad libitum. Postmortem tissues from these animals subsequently became available for the present study, which involved immunohistochemical characterization of the SCN as well as gene expression profiling using RNA-sequencing (RNAseq), Affymetrix Rhesus Gene Chip 1.0 ST microarrays and TaqMan quantitative RT-PCR (qRT-PCR).
Characterization of the rhesus macaque SCN
Because of the paucity of information available about the exact size and location of the SCN in the rhesus macaque brain, especially during aging, we performed a preliminary study in which we used immunohistochemistry to characterize the precise anatomical location of the master circadian clock in both young and old monkeys. A total of 14 SCNs were obtained from young (9-12 years old, n = 3) and old (~26 years old, n = 11) monkeys, all of which were collected at ZT3. The examination focused on the distribution of cells that were immunopositive for AVP, VIP, CALB and REV-ERBα -i.e., neuropeptides known to be associated with the SCN core clock mechanism, as well as its major inputs and outputs.
Quantification of age-related gene expression changes in the SCN
Taken together, the results from preliminary study enabled us to more-precisely identify and dissect the SCN in frozen hypothalamic blocks from adult male rhesus macaques, and thereby to more accurately quantify agerelated gene expression changes that occur within the SCN. Using gene arrays and qRT-PCR, we compared gene expression profiles between young (7-12 years, n = 6) and old (21-26 years, n = 6) males. Postmortem tissues from the young and old animals were all collected during the daytime (1000-1100 h, ZT3-4) and were further processed concomitantly.
Immunohistochemistry
Each brain was flushed with 1 L of 0.9% saline (at room temperature) and dissected hypothalamic blocks were immersion fixed in a 4% paraformaldehyde phosphate buffer (pH 7.4) for 1 week at 4°C. Next, the blocks were transferred to a 10% glycerol in 0.1 M PBS (pH 7.4) containing 2% DMSO for 24 h, followed by immersion in PBS/DMSO solution containing 20% glycerol for 72 h. The blocks were then frozen in a beaker of isopentane that was cooled with dry ice and 100% ethanol and stored at −80°C. They were subsequently mounted on a frozen-stage sliding microtome using KPBS and sectioned at 25 μm; the sections were immediately transferred to a cryoprotectant solution and stored at −20°C until use. Antigen retrieval, followed by single-label immunohistochemistry for AVP, VIP, CALB and REV-ERBα, was performed as follows: Floating tissue sections were removed from the cryoprotectant and washed in 0.05 M Tris buffer (pH 7.6). Next, the sections were transferred to individual preheated 2 mL centrifuge tubes filled with 50 mM sodium citrate buffer (pH 9.0) and then the tubes were submerged in a hot water bath for 30 min at 80°C (Jiao et al. 1999) . After cooling, the sections were rinsed in Tris buffer and incubated in blocking buffer (Tris buffer + 3% normal donkey serum) for 1 h, to reduce background staining, and then incubated overnight at room temperature in one of the following antibody solutions: rabbit polyclonal anti-AVP (1:2000; LifeSpan Biosciences, Seattle, WA, USA), rabbit polyclonal anti-VIP (1:750; LifeSpan Biosciences), mouse monoclonal anti-CALB-D-28K (1:500, Millipore-Sigma, St. Louis, MO, USA) or mouse monoclonal anti-REV-ERBα (1:200; Lifespan Biosciences). After washing in Tris buffer, the sections were incubated for 1 h in either fluorescein isothiocyanate (FITC)-labeled or tetramethylrhodamine isothiocyanate (TRITC)-labeled secondary antibody (1:200; Jackson ImmunoResearch Laboratories, Inc.) and again washed in Tris buffer. To confirm antibody specificity, the protocol was repeated, except with the primary antibodies preincubated with their corresponding peptides (i.e., AVP (Lifespan Biosciences), VIP (Abcam), CALB (Abcam) and REV-ERBα (LifeSpan Biosciences)) at a concentration of 100-300 µg/mL for 1 h, to which ≤300 µg was sufficient to eliminate specific labeling in the SCN. Sections were mounted onto poly-l-lysine-coated glass microscope slides and then processed with Autofluorescence Eliminator Reagent (Chemicon). Briefly, the mounted sections were immersed in Tris buffer for 5 min, 70% ethanol for 5 min, Autofluorescence Eliminator Reagent for 7 min, washed in 70% ethanol and then cover slipped using ProLong Diamond Antifade Mountant (Thermo Fisher Scientific Inc.). Immunofluorescence microscopy was subsequently performed using a Leica SP5 confocal microscope with Acousto-Optical Beam Splitter. The neuronal distribution pattern of AVP, VIP, CALB and REV-ERBα was examined in 5-7 hemi-lateral coronal SCN sections from each animal.
RNA-seq
To corroborate the immunohistochemical results, RNAseq was performed on postmortem tissues obtained from three additional adult rhesus macaques (12-13 years). The SCN samples were sub-dissected from brains that had been flushed with 1 L of 0.9% saline (at room temperature) and preserved in RNAlater (Ambion) for 1-2 weeks. Based on the immunohistochemical images ( Fig. 1) , the SCN was localized to the rostral part of the hypothalamus, ventral to the paraventricular nucleus, lateral to the third ventricle and just dorsal of the chiasma. For control purposes, RNA-seq was also performed on the amygdala and adrenal gland, which were collected as previously described (Lemos et al. 2006 , Haley et al. 2012 . The RNA was isolated using an RNeasy Plus Universal Mini Kit (Qiagen) with two QIAcube Automation Systems (Qiagen). Next, an Agilent 2100 Bioanalyzer (Agilent Technologies) was used to assess the quality of the RNA, and a NanoDrop 2000 (Thermo Fisher Scientific Inc.) was then used to determine the concentration. The RNA was subsequently processed by the Oregon Health and Sciences University (OHSU) Massively Parallel Sequencing Shared Resource. Library preparation and subsequent deep sequencing of rhesus macaque RNA was completed by the Integrated Genomics Laboratory at OHSU. Singleend read sequencing of samples was performed on lanes of an Illumina HiSeq 2000 flow cell. Reads were evaluated for elevated duplication levels (indicating possible adapter contamination or PCR bias) and sequence quality using FastQC (v0.10.1) software (Babraham Bioinformatics). Adaptive quality trimming was performed using a Trimmomatic (v0.30) algorithm favoring sequence quality over read length (Lohse et al. 2012) . All other settings were left at default for single-end read data. The remaining reads were aligned with STAR (v.2.3.0), a commonly used RNA-seq aligner, using the most recent rhesus macaque genome build and gene annotation (BioProject accession: PRJNA214746). Alignment parameters were similar to the default parameters, with the exception of allowing three mismatches per 100-bp. HTSeq (v0.5.4p3) was used to count unique reads from the STAR alignment (Anders & Huber 2010) . Count data were based on exon boundaries ). They were then scanned using a GeneChip Scanner 3000 7G with an autoloader (Affymetrix, Thermo Fisher Scientific Inc.) and analyzed using the Affymetrix Command Console (AGCC) v.3.1.1 software; the expression analysis was performed using Affymetrix Expression Console Software 1.4. Probe cell intensity files (CEL) for each of the experimental samples were uploaded into the Affymetrix Expression Console Software 1.4, and a multi-array analysis incorporating all the samples of the study group was performed using the Robust Multi-Array Average (RMA)-Sketch normalization and summarization algorithm for all exon transcripts , Eghlidi et al. 2017 .
Quantitative RT-PCR
To corroborate the gene array data from the diurnal study, selected mRNA expression patterns were also quantified by qRT-PCR, using a QuantStudio 12K Flex thermocycler (Life Technologies). Primer (CLOCK,
Forward-TCCATGCTTTCCTGGTAATGCT R e v e r s e -C A A G A G C C T T TAT G T T T T C G TA A A A A ;
NPAS2,
Forward-CCTCCTGTAACGGTTTTGACAAC Reverse-TGAAGCAAACCTCCTTTCCTAGTG and PER2, Forward-CGTGTGCAACGGAGCAGAT Reverse-ACTGACACGGCAAAAGAAAGATT) and probe (CLOCK, 6FAM-ACAAATCCACTGTTCTGCAG-MGB;
NPAS2, 6FAM-CCCTTTCAAGACCTTG-MGB and PER2, 6FAM-TTTTACTCAAGAATGCATGGAG-MGB) sequences were obtained using Primer Express Software and NCBI reference sequences (CLOCK, XM_015138689; PER2, XM_015111477 and NPAS2, XM_015112969). Initially, pooled cDNA was used to create standard curves for each gene, and the experimental samples were subsequently diluted to fall within the linear part of the curve. The PCR mixtures contained 5 μL TaqMan Gene Expression Master Mix, 2.15 μL water, 0.3 μL each specific forward and reverse primer (300 nM final concentration), 0.25 μL specific probe (250 nM final concentration) and 2 μL cDNA. The realtime qPCR reaction sequence included 10-min incubation at 95°C, followed by 40 cycles of 15 s at 95°C, 1 min at 60°C, 1 min at 60°C and 15 s at 95°C. Automatic baseline and threshold levels were determined by QuantStudio 12K Flex thermocycler detection system software, and the final expression values were normalized to the arithmetic mean of ALG9 and RPL13A . For each gene, samples from all the animals were examined in triplicate using the same 384-well optical plate. A negative control included the omission of cDNA templates from the reaction mixture.
Statistical analysis
Comparisons between data means were made using unpaired Student's t-tests, and significance was considered at P < 0.05. Where applicable, a false discovery rate (FDR) correction for multiple comparisons P value was reported (Reiner et al. 2003) .
Results
Spatial organization of immuno-positive neurons in the SCN of young and old rhesus macaques
Using immunohistochemical markers, the SCN was localized to a brain region that was ventral to the paraventricular nucleus, lateral to the third ventricle and just dorsal of the chiasma. The location of AVP immuno-positive neurons extended from the rostral to caudal shell of the SCN. Overall, the AVP immunoreactivity appeared less intense in the old animals than in the young animals, but some AVP neurons were still visible in the dorsal rostral medial shell of the SCN with fibers projecting from the medial caudal region of the SCN to the subparaventricular and paraventricular nuclei (Fig. 1A) . In both young and old animals, VIP immuno-reactivity was evident in the core region of the SCN, with fibers projecting dorsally to the SCN shell and caudally to the sub-paraventricular zone (Fig. 1B) . CALB immuno-reactivity was evident in the nucleus and cell bodies of many neurons (Fig. 1C) . The core clock protein, REV-ERBα, was expressed throughout the SCN, showing colocalization with AVP and VIP (Fig. 1D) . Overall, there appeared to be fewer AVP, VIP and REV-ERBα, but not CALB, neurons in the SCNs of the old animals, although the location and general anatomy of the SCN in the young and old animals was similar.
Corroboration of SCN localization
Based on the immunohistochemical coordinates of the SCN (Fig. 1) , we isolated RNA form putative SCN regions of frozen hypothalamic blocks and used RNA-seq to compare gene expression intensities in the SCN samples to those in the amygdala and adrenal gland. Known to be unique to the SCN, AVP (FPKM = 607.35) and CALB (FPKM = 42.54) mRNA were both highly expressed in the SCN of the animal obtained between 1000 and 1100 h (ZT3-4), as were GABA transporters SLC6A1 (FPKM = 42.33) and SLC6A11 (FPKM = 55.67). As expected, numerous clock genes were also expressed in the SCN, including CRY2 (FPKM = 12. The RNA-seq results, combined with the immunohistochemical data, gave us confidence that we were accurately sub-dissecting the SCN. For further assurance, we used gene microarrays to compare the daytime vs nighttime gene expression in the putative SCNs from old males. Although many genes showed diurnal differences in expression across the whole transcriptome, our analysis focused on genes integral to the function of the SCN (Fig. 2) . As expected, several of these genes (i.e., NPAS2, NR1D1, SLC6A1 and SLC17A7) showed significant diurnal differences in expression (P < 0.05, FDR correction for multiple comparisons). We subsequently examined diurnal gene expression differences using qRT-PCR by focusing on CLOCK, PER2 and NPAS2 (i.e., core clock genes that show a high level of expression in the SCN). Similar to the gene microarray results, NPAS2 was more highly expressed at 22:00-23:00 h compared to 10:00-11:00 h (Fig. 3) . No other differences in clock-related gene expression were detected between these two time points.
Figure 2
Diurnal gene expression profiling in the suprachiasmatic nucleus (SCN) of old rhesus macaques using gene microarrays. NPAS2, NR1D1, SLC6A1 and SLC17A7 were statistically significant across the whole array (*P < 0.05, post hoc false discovery rate). SLC32A1 had a >1.5-fold change, but this was not statistically significant. Higher nighttime expression (dark gray bars) vs higher daytime expression (light gray bars).
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Age-related gene expression changes within the SCN
Using gene microarrays, we compared SCN-specific gene expression profiles of young and old rhesus males. Although VIP showed a large daytime age-related foldincrease, this was found to be statistically insignificant (Fig. 4) . No other age-related changes in expression for any of the SCN-specific genes were detected. To corroborate some of the negative findings, we subsequently used qRT-PCR to compare the expression of CLOCK, PER2 and NPAS2, between the young and old animals. Similar to the gene microarray results, however, none of these genes showed an age-related change in the level of expression (Fig. 5) .
Discussion
Aging is associated with changes in homeostatic function, such as disrupted hormone rhythms and wake-sleep cycles (Duffy et al. 2002 , Yoon et al. 2003 , Downs & Urbanski 2006 , Downs et al. 2007 , Urbanski 2011 . Perturbed circadian rhythms have been associated with disease, behavioral and cognitive deficits, as well as increased mortality (Davidson et al. 2006 , Urbanski et al. 2011 , Engelberth et al. 2013 . Although the SCN plays a primary role in maintaining circadian rhythms, the SCN of primates has not been characterized extensively (Moore 1993) . Therefore, our preliminary objective was to characterize the organization of the rhesus macaque SCN. As expected based on rodent studies, we found that neuropeptidergic cells of the rhesus macaque SCN exist in heterogeneous populations. CALB neurons were found clustered in a similar subnucleus as described in the hamster and the mouse lemur (Jobst et al. 2004 , Cayetanot et al. 2007 . In contrast, VIP neurons formed a distinctive core population in the rostral portion of the SCN, encapsulated by a shell of AVP neurons, which extended up toward the paraventricular nucleus. Together, these immunohistochemical findings are in general agreement with observations previously reported by Moore (1993) and emphasize that the overall anatomy of the rhesus macaque SCN is well preserved even into old age. 
Figure 4
Gene expression profiling in the suprachiasmatic nucleus (SCN) of young adult and old rhesus macaques, using gene arrays. Fold-change higher gene expression in aged animals is shown by black bars. There was no obvious difference in gene expression between the young and old animals; although VIP showed a >1.5-fold increase in expression between young and old animals, this was not statistically significant.
Our main objective, however, was to examine age-related gene expression changes in the SCN that may contribute to the etiology of age-related disorders involving disrupted circadian rhythms. Therefore, prior to necropsy, we used actigraphy to verify that the old males from the present study indeed had significantly attenuated daytime activity levels compared to the young adults. As previously reported (Urbanski 2017) , the mean ± s.e.m. daytime activity level of the old animals (147.6 ± 24.2) was significantly (P < 0.01) lower than that of the young animals (215.3 ± 15.3). Therefore, we expected to find significant age-related differences in the expression of many SCN genes that play a key role in circadian timekeeping. However, we found none. There are a few possible reasons for this negative finding. Firstly, analysis of gene expression using microarrays has some inherent limitations. Although we used a very conservative 1.0-foldchange cut off in our analysis, we filtered out genes that did not show a robust (P < 0.05) effect. Therefore, we may have missed genes that showed subtle statistically insignificant but physiologically important age-related changes in expression. However, using qRT-PCR, we similarly failed to detect a significant age-related change in the expression of key core clock genes within the SCN. The general agreement between the gene microarray and the qRT-PCR results, despite the difference in sequences targeted by the two methodologies, helps to validate the negative data. Although significant age-related gene expression changes have previously been observed in the hypothalamic arcuate nucleus of women and female rhesus macaques (Rance & Young 1991 , Eghlidi & Urbanski 2015 , similar changes were not observed in males (Eghlidi et al. 2017) , suggesting that the more profound age-related decrease in circulating sex-steroid concentrations in females may have played a causal role. Similarly, because the SCN of monkeys and humans expresses estrogen receptors (Gundlah et al. 2000 , Kruijver & Swaab 2002 and shows some sex differences (Bailey & Silver 2014) , it is plausible that more obvious age-related gene expression changes may be found in the SCN of females than males.
Secondly, it is well established that many genes have a diurnal pattern of expression (Lemos et al. 2006 , Sitzmann et al. 2010 , Zhang et al. 2014 , and so it is possible that age-related changes in expression level might only be obvious during the peak of their diurnal expression and not at other times of the day. For example, NPAS2 was more highly expressed in the SCN during the night than during the daytime, which is in agreement with our previous observation in the rhesus macaque adrenal gland (Lemos et al. 2006) . Therefore, it is unclear if age-related changes in the expression of NPAS2 and some other genes would have been more obvious had we collected SCN samples from the young and old animals during the night, rather than during the daytime. On the other hand, this explanation would not account for the lack of age-related changes in PER2 and CLOCK expression, which appeared to show peak expression during the daytime (i.e., time of day when the SCN samples were collected for the aging study). To completely rule out a potential masking effect of 'time of day' on age-related gene expression changes would have required collecting SCN tissues from many more young and old animals at multiple time points across the 24-h day, something that is not feasible given the high cost and scarcity of postmortem primate tissue, especially from old rhesus macaques. Interestingly, in a recent study of circadian gene expression in baboons (Mure et al. 2018) , rhythmically expressed genes in the SCN showed a very narrow peak at ZT2. Therefore, collection of tissues at ZT3-4 in the present study represents a pragmatic time point for studying age-related gene expression changes in a diurnal nonhuman primate.
Thirdly, microarray and qRT-PCR analysis is confined to the RNA level, yet, the circadian core clock mechanisms itself comprise both transcriptional and translational components. Therefore, we cannot exclude the possibility that significant age-related changes in the SCN occur at the protein level. Although we performed immunohistochemistry for AVP, VIP, CALB and REV-ERBα (i.e., proteins that play important roles in the circadian organization of the SCN), this non-quantitative methodology does not allow us to make any definitive statements about changes in protein expression during aging. Overall, however, the old animals appeared to show fewer cells in the SCN that were immunopositive for AVP, VIP and REV-ERBα, but not CALB (data not shown). These observations are in general agreement with previous reports of an age-related decrease of AVP and VIP protein expression in the SCN of the mouse lemur (Cayetanot et al. 2005 , Aujard et al. 2006 , and with some reports of decreased AVP and VIP immunostaining in the SCN of elderly humans (Hofman & Swaab 1994 , Hofman et al. 1996 , Harper et al. 2008 .
Despite some limitations, results from the present gene microarray and qRT-PCR studies strongly suggest that the primate SCN is relatively resistant to aging, at least at the mRNA level and at least in males. The results also demonstrate that the SCN of old rhesus macaques shows normal spatial organization of neuropeptides that are important for normal circadian function (i.e., AVP, VIP, CALB and REV-ERBα) and maintains diurnal gene expression patterns for several other genes including NPAS2 and NR1D1, both of which were more highly expressed at night. The microarray analysis also gave us an opportunity to examine the diurnal expression rhythms of a number of transporter genes in the SCN of the old animals. Although the SCN is known to express GABA transporters (1 and 3), and Vglut1, the expression profiles of these transporter genes had not previously been studied in primates (Ziegler et al. 2002 , Moldavan et al. 2015 . Our results show that SLC6A1 (VGAT1) and SLC17A7 (VGLUT1) still maintained a diurnal expression pattern in the SCN of old animals, but interestingly, the two transporters showed different times of peak expression, with SLC6A1 being more highly expressed at night and SLC17A7 being more highly expressed during the day. Diurnal expression of these transporters suggests that classic neurotransmitter signaling within the SCN is likely to be maintained even in aged animals.
Importantly, from a physiological perspective, there does not appear to be any significant difference in daytime gene expression between the young and old males, despite the latter showing significantly attenuated daytime activity levels (Urbanski 2017) . This age-related stability within the transcriptional components of the master circadian clock in the SCN suggests that age-related attenuation of human circadian activity-rest cycles may instead reside at the translational or electrophysiological level within the SCN or stem from disruption of other components of the circadian regulating system, such as desynchronization of subordinate oscillators in other parts of the body.
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